Purpose: To evaluate the quality of life related to vision (QoL) in patients with ocular hypertension under treatment. Methods: The study included two groups. The first one consisted of 60 ocular hypertension patients under topical hypotensive medications and the second one of 60 healthy persons. The Greek language version of the National Eye Institute Visual Function Questionnaire 25 (NEI VFQ-25) was completed by all patients. Results: The median scores of the total score and also for almost all the NEI VFQ-25 subscales were significantly decreased for the first group of ocular hypertension patients (OHT) under topical therapy. Females presented higher QoL than that of males. The patients who used one medication presented higher QoL than that of the patients who used more than one. The best corrected visual acuity (BCVA) and the intraocular pressure (IOP) were significantly correlated with QoL. The index of the visual fields, pattern standard deviation (PSD), was significantly related to the quality of life of OHT. The age, the cup to disk ratio and the central corneal thickness had also significant correlations with subscales of the QoL. Conclusions: The quality of life OHT patients under topical treatment is significantly decreased than healthy persons. Male sex and the number of medications affect QoL more. BCVA and IOP represent the clinical findings that best correlate with several subscales of QoL. PSD is a significant index that correlates well with the quality of life of OHT patients.
Introduction
Ocular hypertension (OHT) describes the condition in which the intraocular pressure lies above the 21 mmHg, with normal appearance of the optic nerve head and with visual fields with no signs of glaucomatous damage [1] .
Since elevated IOP is the major risk factor for the development of glaucomatous visual loss, finding a "raised" intraocular pressure (IOP) indicates the need for further investigation. The decision to treat a patient with ocular hypertension should be made when the risk factor(s) are considered to outweigh the disadvantages of treatment [2] - [4] .
Glaucoma and associated visual changes may negatively affect quality of life because of progressive visual field deterioration and lifetime treatment [5] . Multicenter studies such as the Ocular Hypertension Treatment Study (OHTS) and Collaborative Initial Glaucoma Treatment Study (CIGTS) have included questionnaires to evaluate quality of life related to vision (QoL) [6] - [8] . Intraocular pressure, visual field results and patient adherence cannot be used to assess the subjective experience of the quality of vision [9] . Furthermore, medication for treatment of glaucoma is negatively correlated with adherence and quality of life related to vision in patients with glaucoma [10] .
Ocular hypertension patients represent a group with still mild glaucomatous type alterations but that may need treatment. The quality of life these patients has not been still evaluated nor the impact that topical medications have on them. To our knowledge a study of Wolfram and others included an ocular hypertension group but focused mainly on glaucomatous patients [11] . Instead this study examines QoL of OHT patients and its characteristics.
We hypothesized that the pharmacological treatment influences negatively QoL of OHT patients. The purpose of this study is to assess the quality of life related to vision of OHT patients under topical medications and the effect that those have on QoL.
Materials and Methods

Subjects
The study followed the guidelines of the Declaration of Helsinki and was approved by the ethics committee of G. Gennimatas Athens General Hospital. Informed consent was obtained from all subjects. For the purpose of our study, two groups meeting the inclusion criteria were considered. The first group included the first sixty patients with ocular hypertension that visited our department. Instead the second group included the first healthy sixty people with no ocular history.
Inclusion criteria for the first group were ocular hypertension under topical treatment with IOP up to 18 mmHg; abnormal appearance of optic nerve head; best corrected visual acuity (BCVA) 0.7 or better on Snellen chart test with spherical refractive error from −6.00 D to + 3.00 D. Inclusion criteria for the second group were individual with no history of ocular diseases nor use of medication for the eyes, BCVA 0.7 or better on Snellen chart test with spherical refractive error from −6.00 D to + 3.00 D, IOP up to 20 mmHg, vertical cup to disk ratio up to 0.4 and difference between the two eyes up to 0.2 with normal appearance of the optic disk and physiological visual fields. Abnormal appearance findings of optic nerve head include vertical cup-to-disc diameter ratio of >0.7 or asymmetry of cup/disc ratio (C/D) of >0.2, cup extension nasal to the rim vessels, kinking of the retinal vessels, baring of the circumlinear vessel and presence of splinter hemorrhages [12] .
Exclusion criteria were glaucomatous or other findings on visual fields examination based on the Anderson-Patella criteria; IOP > 18 mmHg; ocular comorbidities such as diseases of the cornea, anterior chamber, lens, vitreous cavity, and retina that may reduce visual acuity; history of intraocular surgery; history of chronic systemic diseases that may affect general health; treatment duration of less than six months.
Evaluation
A specific examination protocol was applied to all patients, including general and ophthalmic history and complete ophthalmic examination that included determination of best corrected visual acuity, slit lamp examination, intraocular pressure measurement, fundus biomicroscopy, central corneal thickness measurement, C/D appreciation and visual fields examination.
The best corrected visual acuity was determined from Snellen chart testing. Slit lamp examination was per-formed to evaluate the anterior and posterior chambers. Fundus examination was performed with a (+78) D lens after dilation of the pupil with 1% tropicamide and 2.5% phenylephrine drops. Intraocular pressure was determined with a Goldman applanation tonometer. All patients of the first group already used topical hypotensive therapy and underwent IOP measurement three times a day for three consecutive days. Topical treatment included prostaglandine analogs, β-blockers, carbonic any drase inhibitors, sympathomimetic and/or combination of the above. Central corneal thickness was measured with an ophthalmic ultrasonography system (Ocuscan RxP, Alcon Alcon Laboratories Inc, USA, city, state). Heidelberg Retina Tomograph was used to assess C/D (Heidelberg Engineering GmbH, Heidelberg, Germany). Visual field examination was performed with a white on white perimetry using the Swedish Interactive Threshold Algorithm standard 30-2 strategy (Humphrey Field Analyzer, Humphrey-Zeiss Systems, Dublin CA). A minimum 2 tests were performed to minimize the learning effect; if any 2 tests failed to satisfy the reliability criteria defined by the perimeter (false positive, false negative, and loss of fixation), the test was repeated. The Anderson-Patella criteria was used with 3 non edge points depressed to an extent of what is present in <5% of normal population with at least 1 point of these 3 depressed to an extent found in less than 1% of normal population, pattern standard deviation and corrected pattern standard deviation (PSD/CPSD) should be that found in <5% population and glaucoma hemifield test (GHT) should be "OUTSIDE NORMAL LIMITS" [13] .
Questionnaire
The 25-item National Eye Institute Visual Function Questionnaire (NEI-VFQ 25) included questions about visual function of patients with chronic ophthalmic diseases. It had been developed for evaluation of patients with agerelated cataracts, glaucoma, age-related macular degeneration, and diabetic retinopathy. The main purpose of the VFQ-25 was to assess the effect of ophthalmic diseases and related symptoms on the quality of life and social function of patients [14] . Several studies used this questionnaire to assess the quality of life of glaucoma patients [15] - [17] . The 25 questions had been grouped in 12 categories that were related to vision, and the total time requested to answer the entire questionnaire was 10 minutes [18] . The response to each question was converted in a 0 to 100 scale (lowest score, 0; highest score, 100). For each category, the mean score was calculated from the associated questions for the category. The total score for the entire questionnaire was calculated as the mean of the scores of the 12 subscales [19] [20] . The Greek language edition of NEI VFQ-25 was used [21] .
Data Analysis
Data were analyzed using statistical software (SPSS for Windows 12.00, SPSS Inc., Chicago, IL). The Kolmogorov-Smirnov test was used to control the normality of the distribution. All the descriptive parameters were noted in the form of mean and standard deviation (SD) if the data were parametric or in the form of median with interquartile range if the data were nonparametric. Comparisons for normal distribution between the two groups were calculated using the Mann-Whitney U test for non parametric data and the independent sample t-test for parametric data. Correlations between quality of life and other variables were evaluated with the Spearman rank correlation. The multivariate linear regression analysis and the stepwise method, was used to calculate the significance that the clinical findings have on QoL. Statistical significance was defined by P ≤ 0.05.
Results
One hundred and twenty persons were included in the study, in two separated groups. The first one included 60 OHT patients under topical treatment, thirty four women and twenty six men. The second group included 60 healthy people, thirty six women and twenty four men. Table 1 presents the descriptive data and clinical characteristics of the two groups.
The main age of OHT group was higher than the healthy group (61 ± 6.23 and 57.31 ± 11.2 years of age respectively), with significantly worst BCVA (P = 0.0001), higher CD (0.6; P = 0.0001) and CCT of 525 μm, lower than the second group (P = 0.001). The global indices of the visual fields between the two groups were also significant different, with the mean MD and PSD of the first group to be −0.73 db ± 0.93 (P = 0.0001) and 1.87 db ± 0.52 respectively (P = 0.0001). The median number of medication of the first group was 2 with interquartile range from 1 to 2 and with interquartile range from 1 to 2 the median number of instillations to be 3 with interquartile range from 1 to 3. The median IOP of OHT under medication was 15 mmHg. The second group did not use treatment and had a median IOP of 13 mmHg. The median total score of QoL questionnaire of OHT group was 84.54 (interquartile range 77.45 -91.14) while the total score of the healthy group was significantly higher with a median of 99.3 (interquartile range 97.91 -100; P = 0.0001). Table 2 presents the results of scores for all the subscales and the total score of NEI-VFQ questionnaire of the two groups. The median score for the general vision of OHT patients under topical medication was 75 with interquartile range between 50 and 75 lower than the healthy group (P = 0.0001). The median scores for almost all the subscales of the first group were significantly lower than those of the second one (P = 0.0001).
Males of the first group presented significantly lower median total score than the females of the same group (81.41 and 87.32 respectively, P = 0.001). Table 3 presents the scores of NEI-VFQ 25 of OHT patients according to their gender. The subscales of general health, general vision, ocular pain near activities, role difficulty and peripheral vision were significantly worst for OHT men than for OHT women under topical treatment (P < 0.05).
Ocular hypertension patients of the first group that used one medication for treatment, presented a median total score of QoL questionnaire of 89.23 with interquartile range between 85.24 and 94.79, that is significantly higher from the median total score of the patients that used two medications (81.24, interquartile range between 77.45 and 85.32, P = 0.0001) or three medications (72.91 and with interquartile range between 70.39 and 77.16, P = 0.0001). The total score of OHT patients that used two medication were also significantly higher than the patients that used three drugs (P = 0.004). Table 4 presents the scores of all the subscales of NEI-VFQ 25 for OHT patients that used one, two or three medications respectively. For all the categories the OHT patients with one topical medication, had significantly higher scores than the other patients (P < 0.05).
Best corrected visual acuity presents a significant correlation with the total score (r = 0.237, P = 0.009), the general health (r = 0.327, P = 0.0001) and the near activities (r = 0.296, P = 0.001) of QoL questionnaire of OHT patients. The intraocular correlates also significantly with most subscales of OHT patients. Instead daily number of medications does not present significant correlations with any of the subscales of NEI-VFQ 25 (P > 0.05). PSD is the global index of the visual fields that better correlates with the QoL of OHT patients. Table 5 presents the correlations of the clinical characteristics of OHT patients' group with the subscales and the total score of the questionnaire. Table 6 presents the results of the multivariate linear regression analysis for all the subscales of OHT patients. The clinical characteristic "daily number of medications" represents the index that influences almost all subscales and the total score (−7.775, P = 0.0001) of the questionnaire (P < 0.05). The near activities, role difficulty and total score are the subscales better explained by the clinical characteristics of OHT patients group (R 2 = 0.279, 0.539 and 0.383 respectively). 
Discussion
Glaucoma decreases the quality of life for different reasons that include the diagnosis itself, the perimetric functional loss, the treatment itself, its side effects and costs [5] . Previous studies evaluated the relation between glaucoma, treatment, and health-related quality of life [22] including patients with established visual field defects [23] . Instead QoL of ocular hypertension patients under treatment has not been still estimated. The present study is focused on the quality of life related to vision of OHT patients that use topical medications with physiological achromatic visual fields and found a declined QoL when compared to that of healthy persons. For almost all of the qualitative subscales and the total score of QoL, OHT patients had worst results. This finding is in accordance with other studies assessing QoL of glaucomatous patients [24] [25] . Wolfram and other found that QoL impairment in glaucoma patients lies between OHT/early POAG versus moderate/severe POAG [11] . QoL in these two groups, OHT under treatment and glaucomatous patients, probably is in the same way compromised but further studies will probably explain better this relationship and clarify the impact that the different factors have on them. Males with preperimetric glaucoma under treatment presented worst QoL respect to women of the same group. This finding is in contrast with the study of Labiris and other [26] for pseudoexfoliative glaucoma patients. Tastan and other also found that depression and quality of life were decreased in women with glaucoma [27] . Instead in accordance to our study Odberg and collogues found that in patients with glaucoma, the women were in general more dissatisfied than the men [28] .
Another finding of the study is that as the number of medications used by OHT patients increases their quality of life decreases. Skalicky and other also found that in patients with increasing glaucoma severity QoL is poorer as there is a higher probability of ocular surface disease because of benzalkonium chloride exposure [29] . The number of medications used by OHT patients is likely to be an important factor with negative impact on QoL (P = 0.0001) and according to the results of the regression analysis of the study is more sensitive than the other clinical characteristics. This finding is also in accordance with other studies focusing in glaucoma patients [26] .
Best corrected visual acuity and intraocular pressure are both sensitive indices of QoL in OHT patients and possibly their impairment can explain the change of the qualitative subscales of the quality of life in preperimetric glaucoma group of patients. Previous studies in normal tension glaucoma patients also found the same impact of BCVA and IOP in QoL [25] . The age, CD ratio and CCT can affect different characteristics of QoL. PSD has been identified as the visual fields global index that correlates significantly with QoL. Nelson and other found that MD significantly related with QoL of glaucoma patients [30] . On the other hand Iester and colleagues found that QoL of glaucoma patients was significantly correlated with both MD and PSD [31] . Further studies need to be computed to clarify if the visual fields global indices, MD and PSD, have different impact on OHT and glaucoma patients. A limitation of this study is the small number of OHT patients under treatment with different medications and/or different doses of medications. This will help to understand if a specific glaucoma medication is better correlated with QoL than another. Another limit is that a group of glaucoma patients was not included in the study and because of that no obvious comparisons can be computed between this group and a group of OHT patients. Further studies need to be done to clarify better these aspects.
Conclusion
In conclusion, the quality of life related to vision of OHT patients under topical treatment is significantly decreased than that of healthy persons. Male sex and the number of medications affect QoL more. The best corrected visual acuity and intraocular pressure represent the clinical findings that best correlate with several qua-litative aspects of QoL. The pattern standard deviation is a significant index that correlates well with the quality of life of OHT patients.
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